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According to a recent study [1], peer-reviewed publications in
the field of medical and health sciences amounted to 12,796,558
in the period from 1980 to 2012, and currently are growing at rates
of 8–9% per year. This huge body of scientific literature is usually
interpreted in line with established paradigms that provide ratio-
nales, and guidance for future research. Paradigms are helpful,
but also have a great inertia, and lack of flexibility when facing
research results conflicting with their axiologies. Therefore,
research results can be found in all fields that were misinterpreted,
overlooked, or even discarded due to lack of explanation in the
context of existing paradigms. This is also true in the field cardio-
vascular diseases. Additionally, due to the current fast publication
rate, and the need to keep up-to-date with mainstream lines of
research, researchers almost exclusively take into consideration
the most recent literature, not paying much attention to older
results. However, the results that conflict with current paradigms
are of utmost importance, because they may trigger new ways of
thinking, redirect research priorities, and open new ways to the
solution of old problems.
In short: the current paradigm of etiology of cardiovascular dis-
eases [2] is based on two fundamental assumptions: (i) damage to
endothelium of blood vessels causes lesions, local inflammation
with mobilization of white blood cells, lipoproteins and other sub-
stances, which lead to development of fibrofatty atherosclerotic
plaques, thereby causing narrowing of arteries (stenosis or closureof the lumen); (ii) rupture of the atherosclerotic plaque with clot
formation may lead to arterial occlusion thereby stopping blood
flow (and oxygen) to a part of the heart causing damage to the
heart muscle (myocardial infarction) or to a part of the brain
(thromboembolic stroke).
Below we list some features of cardiovascular diseases picked
from a review by Baroldi and Silver [3] that hardly find a rationale
within the current paradigm of etiology of cardiovascular diseases:
– An occlusive coronary thrombus was found in about half of
infarct cases and in a minority of sudden/unexpected death
cases;
– In contrast to spleen, kidney, brain, etc, where cholesterol
emboli are often seen, in more than 14,000 myocardial sections
of all groups, only one atheromatous embolus was found in a
small intramural arteriole;
– Infarct size did not correlate with the number or degree and
length of severe stenoses present in the whole coronary arterial
system;
– It must be noted that in 37% of our cases, an infarct involved the
adjacent vascular territories of vessels that were not occluded;
– The presence of acute or organized thrombotic coronary occlu-
sion without a related infarct;
– In people that die accidentally from carbon monoxide intoxica-
tion, the acute hypoxia results in myocardial cell relaxation
without any other change (vacuolization, edema, pathological
contraction bands, etc);
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who died from accident but had no ischemic heart disease clin-
ically, nor any significant myocardial fibrosis;
– A higher frequency of sudden death in patients with a resting
heart rate P65 beats per minute (indicating low parasympa-
thetic activity) vs. 665 beats without relation with other risk
factors;
– An assumption proved is that normal subjects who undergo
surgical ligation of a lacerated coronary artery following a chest
wound do not develop a myocardial infarction.
In what follows we propose an explanatory framework for the
main aspects of cardiovascular diseases, and namely the facts
reported above, by taking into consideration the literature pub-
lished from the beginning of the sixties of the last century until
the present time.
The hypothesis
We put forward the following hypothesis:
(i) Cardiovascular diseases are the result of persistent states of
acidemia, paralleled with peaks of blood concentration of
free fatty acids (FFA);
(ii) Spikes in FFA concentration due to enhanced catabolic
imbalance of lipids, in a context of local (compensatory) pul-
monary alkalosis originate formation of FFA micelles, which
travel to the heart where due to local blood acidity they
transform into FFA vesicles with an acidic core;
(iii) FFA vesicles easily fuse with the membranes of the endothe-
lial cells then liberating the acidic core, which impairs local
ion transport (namely Ca2+) and damage the endocardium
and the endothelia of the aorta and nearby arteries;
(iv) Development of the resulting local inflammation, with
mobilization of clotting factors, immune system, and repair
processes, in which LDL particles and endothelial progenitor
cells (EPC) play an important role, results in plaque
formation;
(v) Acute crises such as myocardial infarction or stroke result
from increased local blood acidity that impairs calcium,
sodium and potassium ion exchange (among others), and
promote clotting factors and therefore thrombus and clot
formation within the blood stream, and in the damaged
epithelia at the sites most affected by vesicle adhesion.
In what follows we provide and discuss the many evidences
from the abundant biomedical literature that support the
hypothesis.
Blood acidemia
Acidemia occurs when blood pH drops below 7.35. The most
important causes of blood acidemia are [4–6]:
(I) Elevated cortisol levels, mainly due to chronic stress, though
other hormones such as epinephrine, norepinephrine, ghre-
lin, growth hormone, testosterone, may further contribute to
increase acidemia [6]. All these hormones increase lipopro-
tein lipase activity, therefore promoting lipolysis in the adi-
pose tissue and release of FFA into the blood, some of which
are taken up by cells. FFA not taken up by cells bind to albu-
min, which has 3 sites available for this purpose. When albu-
min binding sites are saturated, FFA accumulate in the blood,
thereby lowering blood pH. The liver takes up FFA from the
blood, and esterifies them (namely long-chain FA) to formtriglycerides that are incorporated into very low density
lipoproteins (VLDL), which are then released into the blood.
Little by little, cells absorb triglycerides from VLDL particles,
which turn into intermediate density lipoproteins (IDL), and
then into low density lipoproteins (LDL) when cholesterol
content surpasses that of triglycerides [6]. Spikes of blood
FFA concentration may occur as a sudden increase of sympa-
thetic activity, namely adrenergic shocks that boost lipolytic
activity.
(II) Metabolic acidosis due namely to chronic kidney disease
(CKD) which leads to reduction in serum bicarbonate (HCO3)
concentration. Metabolic acidosis develops when the kid-
neys are not removing enough acid from the body, as it hap-
pens with CKD. In fact, decrease in renal ammonium
excretion and a positive acid balance that may lower serum
bicarbonate concentration are observed in the course of CKD
[7–9].
(III) Drug-induced metabolic acidosis, which occurs when drugs
disrupt acid–base equilibrium. This effect may occur by
two means [10,11]: (a) Drug-related metabolic acidosis
owing to an increased H+ load, such as Biguanides, Antiretro-
viral Therapy, Linezolid, Isoniazid, Propylene Glycol, Propo-
fol, Adrenergic Stimulants, Nalidixic Acid, HMG-CoA
Reductase Inhibitors (Statins), Antipsychotic Agents, and
ingestion of Alcohols (Ethanol and Methanol), Ethylene Gly-
col, and other compounds; (b) Drug-related metabolic acido-
sis Due to HCO3 loss (Carbonic Anhydrase Inhibitors,
Ifosfamide, and other compounds). Metformin, which is
the most prescribed antidiabetic drug in the world, has been
associated with acidosis [12], and severe acidosis leading to
acute ST-elevation myocardial infarction [13].
(IV) Hypoventilation leading to high blood levels of CO2 (hyper-
capnia), which produces carbonic acid (respiratory acidosis).
It occurs when ventilation is insufficient to perform both
oxygen uptake and carbon dioxide discharge by the lungs
[14].
Acute blood acidemia and cardiovascular events
Hyperventilation as a compensatory mechanism to restore normal pH
levels
When blood pH drops below 7.35 some compensatory mecha-
nisms develop to restore normal pH levels. One such mechanism
is hyperventilation, which consists in increased alveolar ventila-
tion that leads to excess of carbon dioxide removal from the blood
stream in relation to that the body can produce, therefore turning
blood less acidic [15,16]. In a state of acidemia this is a compen-
satory mechanism for raising blood pH. It is very rapid and effec-
tive for this purpose because the enzyme carbonic anhydrase
catalyzes the rapid interconversion of blood bicarbonate and pro-
tons to carbon dioxide and water [17]. Other mechanisms concur-
rent to the same objective are removal of volatile acids by the lungs
through expiration, and removal of acids in the sweat, urine and
feces [18].
Rapid and relatively shallow breathing (shortness of breath) is
characteristic of mild up to high hyperventilation when blood acid-
emia has not reached extreme values, case in which it shifts to
Kussmaul breathing [19]. Due to trade-off between local (respira-
tory) alkalemia and the sympathetic activity, pulmonary vasocon-
striction occurs during hyperventilation [31]. Because
hyperventilation is as a compensatory mechanism to restore nor-
mal blood pH in the whole body, it keeps on eliminating CO2 in
the alveoli despite alveolar blood pH may have reached values
characteristic of alkalemia [20]. In such case, it is likely that blood
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monary veins.
Because binding of calcium to proteins increases with pH, it dis-
places fatty acids (FA) from albumin binding sites, which leads to
lowering of free calcium levels in the blood together with
increased concentration of FFA. Additionally, due to Bohr–Haldane
effect, the high pH locally enhances affinity of hemoglobin to oxy-
gen, and for that reason blood entering the left atria is close to the
oxygen saturation point.
At low pH fatty acids are fully protonated and form an oil phase,
while at high pH they are fully deprotonated and form FFA micelles
[21–24]. Micelle formation rate is strongly increased when blood
flow becomes turbulent, as it is well known that shaking promote
rapid micelle formation [24].
Mild endothelial activation and atherosclerosis
As explained above, hyperventilation, as a compensatory mech-
anism to restore normal blood pH levels in the whole blood,
induces local pulmonary alkalosis that entails significant changes
in the properties of the blood flowing from the lungs to the left
atrium of the heart. Therefore, blood entering the left atrium must
have a high pH, low free calcium (due to high albumin binding
affinity) increased FFA content, hemoglobin close to the oxygen
saturation point, and contain FA micelles.
Blood flow into the left atrium is highly turbulent and, together
with high FFA concentration, creates the conditions to accelerate
FA micelle formation. On the other hand, blood pH is maximal at
the alveoli and decreases downstream as it comes into contact
with tissues with lower pH. This aspect induces new transforma-
tions in the blood as if flows within the heart and downstream:
(a) Blood coming from the lungs as a fatty acid micellar solution
shifting to lower pH spontaneously generates vesicles with a
broad size distribution [26]. FFA vesicles are formed by FA in
such a way that the hydrophilic ‘‘head” is in contact with
surrounding blood while the hydrophobic single-tail region
points to the micelle center. Because of the pH partition
effect, vesicles formed in alkaline conditions are likely to
have an acidic core, due to deprotonation of FA [21–23,25–
27].
(b) Number of FA vesicles can increase exponentially, because
they grow spontaneously when alkaline micelles are added
to already existing vesicles. Spontaneous assembly of FA
vesicles from alkaline micelles diluted into buffered solution
is an autocatalytic process [28].
(c) Partial pressure of oxygen progressively increases, therefore
enhancing concentration of ion superoxide (O2) and reactive
oxygen species (ROS), which easily forms in highly oxy-
genated blood environment [28,29];
(d) Free calcium ion concentration increases due to progressive
loss of affinity to albumin with decreasing pH.
(e) Pulmonary vasodilatation is directly favored by local alka-
lemia, while systemic acidemia favors vasodilatation of the
peripheral arteries [30]. However direct vasodilatation is off-
set by the indirect sympathetically mediated vasoconstric-
tion and cardiac stimulation during mild acidosis [31].
The consequences of such transformation in the blood are the
activation of the endocardium, and the endothelia of the arteries
that first receive the blood ejected from the left ventricle: the coro-
nary arteries, the aorta, and the nearby distributaries (brachial, car-
otids, subclavian, hepatic, gastric).
Fatty acid vesicles are supramolecular structures, in which the
molecular components are in rapid dynamic equilibrium with the
surrounding solution and with each other [25]. Because of thisfeature together with the high affinity between the FA vesicle
membranes and cell membranes they easily fuse with endothelial
cells, thereby delivering them the acidic core. Alternatively,
because protons can pass through some membranes they can deli-
ver the acidic core by diffusion rather than by direct fusion with
the cells [32]. The result is a marked increase in the local acidity
at the sites where FA vesicles attach to the endothelium, which dis-
rupts many important ion exchange processes, namely trafficking
of Ca2+, K+, and Na+ [33]. These ions control vital cell processes,
and namely calcium ions control contractibility of smooth muscle
in the arteries [6], and also of the myocardium as it is known that
this muscle is also controlled by the endocardium [34].
Local acidity also strongly reduces binding affinity of albumin to
calcium ions which are released at the sites where FA vesicles
attach to endothelium, and react with acids to form calcium salts,
and other calcium derived molecules. This partially explains artery
calcification.
Local acidity also reduces affinity of hemoglobin to oxygen
(Bohr–Haldane effect [35]), therefore strongly increasing local pro-
duction of ion superoxide (and other ROS), which is toxic to
endothelial cells in the absence of adequate levels of the various
superoxide dismutase enzymes (SODs) [36].
As a consequence, endothelial cells at the vesicle attachment
sites become damaged or die, hence liberating cytokines that
mobilize both the immune and repair systems to the affected site.
The result is endothelial remodeling, which entails plaque forma-
tion (see Section Thromboembolic stroke below).
Attachment of vesicles occurs at sites where flow shear stresses
are minimal, because they correspond to minimal entrainment in
the blood stream (minimal lift force). This is made clear in the map-
ping of arterial plaque distribution [37]. This aspect also explains
why plaques develop at preferred sites rather than being distributed
uniformly on the inner artery wall. Not surprisingly, plaque compo-
sition includes ‘‘incrustation around individual microvesicles of
lipids eventually coalescing to larger clumps of calcification” [38].
If this process keeps developing at low intensity for years, it
may promote progressive arterial calcification, with growing num-
ber of plaques of increasing dimension covering the inner surface
of affected arteries. The fact that arteries most affected by calcifica-
tion are just those that receive the altered blood ejected from the
left ventricle (the coronaries, aorta, and the carotids) [37] adds
credit to the process above described.
Heart attack
When spikes of FFA occur in a context of acidemia, exception-
ally strong activation of the endocardium and the endothelia of
the arteries may occur. We stress again that spontaneous forma-
tion of FA vesicles from alkaline micelles is an autocatalytic process
[25]. Hence when FFA concentration peaks to high values we must
expect a stormy development of FA vesicles in the left atrium and
ventricle together with very intense and acute activation of the
endocardium and endothelium, namely in the coronaries, the
aorta, and the carotids.
If endocardium in the left atrium and ventricle is severely dam-
aged, the myocardial function is also compromised in what
respects to contractibility and electric activity [39]. Due to local
acidemia the coronaries constrict, hence lowering blood flow into
the myocardium [31]. Additionally, severe local acidemia due to
high FA vesicle concentration sharply decreases affinity of hemo-
globin to oxygen, which is released into the blood, then promoting
formation of ion superoxide and ROS in the acidic blood stream
that feeds the myocardium. In regions perfused by this toxic blood
with low pH, and carrying FA vesicles together high concentration
of ion superoxide and ROS, myocardial cells might die (Contraction
Band Necrosis – CBN), albeit oxygen is available locally. This might
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almost normal levels in the myocardium [3]. It explains also how
ischemia can develop albeit no thrombus is found blocking the
coronary arteries [3]. In the present context the extent of myocar-
dial ischemia depends both upon the extent of the region bathed
by the toxic blood and the ability of the cardiac veins to collect
and return blood to the right atrium through the coronary sinus.
We speculate that toxic FFA vesicles might be responsible for
myocardial CBN, by rupturing sarcolemma, the cell membrane of
the myocardium striated muscle fiber cell. In fact, at the sites
where FFA vesicles release their acidic core, an acidic spot must
be created that decreases calcium binding affinity to albumin,
and thereby high free calcium levels are likely to be present at
these sites. By quoting [40]: ‘‘massive Ca2+ entry from the plasma
reperfusing the tissue (causes) an enormous cell swelling, contrac-
tion bands, and mitochondrial hydroxyapatite accumulation. Thus,
the mitochondria of myocytes reperfused early in the phase of irre-
versible injury exhibit significant energy-linked function manifest
by the accumulation and deposition of calcium phosphate. After
reperfusion, such mitochondria could open the mitochondrial per-
meability transition pore, thereby releasing some of the accumu-
lated Ca2+ and accelerating cellular disintegration”. As noted by
known cardiologists: ‘‘in other specific diseases where CBN is
found, an adrenergic stress is part of their natural history” [3].
Differences between heart attack and mild endothelial activa-
tion is only a matter of intensity. Due to the stormy development
of FA vesicles that is thought occur during a heart attack they are
most likely formed at higher degree within the left atrium and ven-
tricle, while during mild endothelial activation they are likely
formed within the nearby arteries, and in lesser degree.
Despite the above process might explain ischemia development
without arterial occlusion, thrombi may be concomitantly formed
as the consequence of activation of prothrombotic factors (see Sec-
tion Thromboembolic stroke) and then block the coronaries. In
such a case, hypoxia leads to pyruvate formation from conversion
of glucose, or fatty acids (through a reaction with acetyl-CoA). Lac-
tate is then produced from the pyruvate faster than the body can
process it, causing lactate concentrations to go up, therefore
explaining why acid lactic is found in the myocardium in many
cases of heart attack [41].
Here a question remains: Why a state of acidosis (and blood
acidemia) is not always followed by heart attack? We remark that
acidosis/acidemia originates from various factors, and may develop
at low levels of FFA, though FFA must be present in adequate con-
centration in the blood for micelles and then vesicles to form. This
aspect points to the essential role of FA metabolism, namely the
hormones that promote lipolysis and discharge of FFA into the
blood. As referred before the liver takes up FFA from the blood
esterifies and releases them into the blood packaged as triglyc-
erides into VLDL particles. Therefore, concentrations of VLDL and
triglycerides in the blood are markers of FFA trafficking and may
be viewed as surrogates of blood FA concentration in the blood.
Long ago, blood levels of VLDL and triglycerides have been consid-
ered as risk factors for cardiovascular diseases. Yet, in the above
framework, blood levels of VLDL and triglycerides (as surrogates
for FFA level), only become dangerous if superimposed to acidemia.
Finally, we remark that the clinical symptoms of acidemia and
of heart attack have much in common [42]. All the main symptoms
of heart attack are easily understood in the framework developed
above:
(a) ‘‘Chest discomfort or pain (feel like a tight ache, pressure,
fullness or squeezing in the chest); Pain or discomfort may
spread beyond the chest to the shoulders, arms, back, neck,
teeth or jaw; Pain or discomfort may spread beyond the
chest to the shoulders, arms, back, neck, teeth or jaw; Painmay extend downward into the abdominal area. Nausea
and vomiting”. The symptoms perfectly match development
of micelles and vesicles, attachment and damage to endo-
cardium and the endothelia of arteries of the heart (damage
to myocardium), chest and arms, the whole aorta and upper
distributaries (pain in the back, neck, teeth or jaw), lower
distributaries (nausea and vomiting), which are bathed by
toxic blood with FA vesicles, superoxide ions, and ROS
ejected from the left ventricle.
(b) ‘‘Shortness of breath (patients may pant for breath or try to
take in deep breaths)”. This symptom is characteristic of aci-
dosis/acidemia, and it is worth noting that ‘‘try to take in
deep breaths” (Kussmaul breathing) is characteristic of sev-
ere acidemia;
(c) ‘‘Lightheadedness” appears as the result of vasoconstriction
of arteries in the brain due to acidemia;
(d) ‘‘Anxiety” as the result of activation of the sympathetic sys-
tem facing a threat to whole body;
(e) ‘‘Excessive sweating” as a means for the body to get rid of
excess acid.
Additionally it is well known that people that suffered heart
attack often felt tired in the days before. This may be a symptom
of developing acidemia since muscle fatigue comes with acidemia
because ‘‘intracellular acidosis affects many aspects of muscle cell
function; for instance it reduces maximal Ca2+activated force and
Ca2+ sensitivity, slows the maximal shortening velocity and pro-
longs relaxation” [43].
Thromboembolic stroke
It is well established that thromboembolic stroke is caused by
occlusion of an artery in the brain either by a locally formed throm-
bus or by an embolus generated elsewhere upstream. From now on
we use the term clot as a general designation for both thrombus
and embolus. The simplest definition of clots is that they are com-
posed of platelet aggregates in a mesh of fibrin, which includes also
other components (macrophages, foam cells) [44].
There is a huge body of literature dealing with clot formation
[45]. The actual paradigm of clot formation relies on the activation
of atherosclerotic plaques by factors present in the blood, which
produce an inflammatory state in the course of which clot is
formed and released into the blood stream. In what follows we pre-
sent another process by which clots may be formed.
Emboli most usually arise from the heart especially during
atrial fibrillation events [46,47]. It is not difficult to understand clot
formation within the present framework. The abnormal heart
rhythm with rapid and irregular beating that is characteristic of
atrial fibrillation strongly shakes the blood within the left atrium
and ventricle hence creating the conditions propitious to FA vesicle
formation, in case of adequate level of FFA [21,23,24]. FA vesicles
are not clots, because not only their composition is very different
but also because they are very small and not likely to reach dimen-
sion characteristic to clots. However, because they are clusters of
FA, they have the ability to activate blood coagulation factors,
namely Factor VII (Hageman Factor) and Factor XII. This aspect
has been observed more than fifty years ago [48–54]. At the epoch
it was found that ‘‘concentrations of soaps comparable to the con-
centration of free fatty acids found in human plasma shorten the
recalcified clotting time and accelerate the formation of artificial
thrombi in vitro the clot-promoting properties of the soaps of
long-chain saturated fatty acids” [53]. Connor and Poole demon-
strated that ‘‘sodium soaps of long-chain saturated fatty acids dra-
matically accelerated the recalcified clotting time of whole blood in
silicone-coated tubes or in rotating plastic loops”. Additionally, it is
of great significance that it was referred that: ‘‘the data presented
98 A. Heitor Reis /Medical Hypotheses 92 (2016) 94–99suggest that the clot-promoting properties of the soaps are unli-
kely to be significant under the conditions present in circulating
blood”. From the above quotations it is also of note that rotating
plastic loops dramatically accelerated clotting. Actually, as referred
above, FFA soaps are micellar solutions that when strongly shacked
rapidly form FA vesicles. Also of note is the reference to the fact
that under the conditions present in circulating blood it is unlikely
the formation of blood clots. Interestingly, it was also observed
that there was a rapid net uptake of FFA by human platelets when
long-chain FFA, bound to human serum albumin were incubated
with platelet suspensions [55], and that platelet aggregation
promoted by long-chain saturated FA is only observed when the
molar ratio FFA/albumin is greater than 2 [56], therefore confirm-
ing that a high blood FFA level is required to induce platelet
aggregation.
These features add credit to the idea that clots may form
through activation of blood coagulation by FA vesicles, and there-
fore they have to be present in the blood prior to clot development.
Though the research line on the link between FFA soaps and
blood coagulation seems to have been discontinued towards the
end of the sixties of the last century, many references on other
aspects of such link continued to appear in later published litera-
ture. Elevated plasma FFA levels also favor thromboxane formation
[57], vasoconstriction (though not all FFA do it at the same degree)
[58,59], significantly elevate lipoprotein(a) [60], activate plasmino-
gen activator inhibitor-1 (PAI-1) [61,62], and the coagulation fac-
tors VII and XII [63,64].
All those FFA effects create the appropriate explanatory context
for considering FFA vesicles as the precursors (and probably the
core) of clot formation. Concomitantly all the above-mentioned
aspects are consensually considered risk factors for clot formation.
The common link is elevated blood FFA level. In this sense, serum
VLDL levels should be viewed as a surrogate marker of a state of
elevated blood FFA level. Risk of acute crises (heart attack, throm-
boembolic stroke) may be very high when spikes of FFA are super-
imposed to acidemia. Therefore, periodic checking of blood levels
of FFA is of most clinical relevance.Additional remarks
Damage to endothelium starts repair processes that involve
clotting factors such as PA1-I, fibrin, lipoprotein(a), collagen pre-
cursors, among others, the immune system (white blood cells,
cytokines, and other mediators) and lipoproteins (mainly LDL,
and HDL) carrying several molecules, namely esterified and unes-
terified cholesterol . Inflammation is characteristic of the whole
process, which leads to formation of atheromatous plaques mainly
composed of fat, cholesterol, and calcified deposits, collagen, and
elastin. Endothelial progenitor cells that are multiple different cell
types circulating in the blood [65], are attracted to the lesion, and
play various roles in the regeneration of the endothelium. As the
result, severe narrowing of arteries may occur, thereby limiting
blood flow. The actual paradigm of formation of atherosclerotic
plaques assigns to cholesterol a major role, and abundant related
literature may be found elsewhere, e.g. [66].
Though the process here proposed for clot development does
not assign such role to cholesterol, it does not exclude the possibil-
ity of atheromatous clots to be also originated by occasional rup-
ture of unstable plaques. Instead, in the proposed scheme plaque
formation is the result of the same process that originates clots
with vesicle cores, which also involves attachment of FFA vesicles
to the endothelium and subsequent inflammation. This process of
endothelial activation might be active in other arterial diseases.
The huge amount of observational data collected in the last
hundred years enabled the identification of panoply of biomarkersthat may be associated with cardiovascular diseases. If the associ-
ation is statistically significant they are termed ‘‘risk factors”. How-
ever, because association does not mean causation we do need to
identify the real drivers of the main processes that lead to estab-
lishment of disease. Therefore a hierarchy must be established
amongst risk factors such as to differentiate the respective role in
the process. In the scheme here proposed, persistent blood acide-
mia together with high blood levels of FFA is the driver of
atherosclerosis, while spikes of FFA superimposed to acidemia is
the driver of acute crises, namely of heart attack and thromboem-
bolic stroke. The remaining risk factors appear either as partici-
pants or facilitators of the process, or as collateral ‘‘imprints” left
on blood composition (biomarkers), or the endothelium. VLDL par-
ticles, triglycerides, albumin, lipoprotein (a), plasminogen activator
inhibitor-1, fibrin, and the coagulation factors VII and XII are exam-
ples of participants/facilitators. Inflammations, calcified vesicles,
calcium salts, and other arterial deposits are ‘‘imprints” of the
ongoing process that might end with an acute crisis.
This hierarchy is fundamental for the design of clinical trials,
because in case of the target selected for testing its influence on
some end-point, is a minor participant/facilitator of the process it
is likely that the trials ends with deceptive results. Unfortunately,
so far no major trial has addressed the role of FFA in cardiovascular
disease.
The explanatory framework proposed here appears only as a
starting point, and is not intended to tell the whole history of car-
diovascular disease, although it aims at opening a new way to look
at a very complex problem whose full understanding remains
somehow elusive.
Conclusions
The hypothesis that prolonged acidemia with high blood levels
of free fatty acids shapes the basic context for formation of fatty
acid micelles and vesicles with an acidic core that fuse with the
endothelia is substantiated both from the side of biomedical
research, and the side of medical literature. It offers a comprehen-
sive explanation of many known features of cardiovascular dis-
eases. As a first step for an alternative view of cardiovascular




The author benefited from the views presented in earlier works
by Giorgio Baroldi and Malcolm Silver, and from essays by Uffe
Ravnskov, Malcolm Kendrick and Michel de Lorgeril, and also from
discussions (CardioExchange, a N. Eng. J. Med. Discussion weblog)
and works by Harlan Krumholz.
References
[1] Bornmann L, Mutz JJ. Assoc Inform Sci Technol 2015;66(11):2215–22.
[2] Mann DL, Zipes DP, Libby P, Bonow RO. Braunwald’s heart disease: a textbook
of cardiovascular medicine. 10th ed. Philadelphia: Elsevier Health Sciences;
2014.
[3] Baroldi G, Silver M. The etiopathogenesis of coronary heart disease: a heretical
theory based on morphology. Landes, Bioscience; 2004. Eurekah.com.
[4] Kellum JA. Determinants of blood pH in health and disease. Crit Care
2004;6:14.
[5] Moe OW, Fuster D. Clinical acid–base pathophysiology: disorders of plasma
anion gap. Best Pract Res Clin Endocrinol Metab 2003;17(4):559–74.
[6] Newsholme E, Leech A. Functional biochemistry in health and disease. Wiley
Balckwell Publishing; 2010.
[7] Kraut JA, Madias NE. Metabolic accidosis of CKD: an update. Am J Kidney Dis
2016;67(2):307–17.
A. Heitor Reis /Medical Hypotheses 92 (2016) 94–99 99[8] Uribarri J, Douyon H, Oh MS. A re-evaluation of the urinary parameters of acid
production and excretion in patients with chronic renal acidosis. Kidney Int
1995;47(2):624–62.
[9] Kraut JA, Madias NE. Metabolic acidosis: pathophysiology, diagnosis and
management. Nat Rev Nephrol 2010;6(5):274–85.
[10] Pham AQT, Xu LHR, Moe OW. Drug-Induced Metabolic Acidosis. 1000Research
2015, 4(F1000 Faculty Rev):1460. doi: 10.12688/f1000research.7006.1.
[11] Liamis G, Milionis HJ, Elisaf M. Pharmacologically-induced metabolic acidosis.
A review. Drug Saf 2010;33(5):371–91.
[12] White S, Driver BE, Cole JB. Metformin-associated lactic acidosis presenting as
acute st-elevation myocardial infarction. J Emergency Med 2016;50(1):32–6.
[13] DeFronzo R, Fleming GA, Chen K, Bicsak TA. Metformin-associated lactic
acidosis: current perspectives on causes and risk. Metabolism 2016;65
(2):20–9.
[14] Wagner PD, Powell FL, West JB. Ventilation, blood flow, and gas exchange. In:
Mason RJ, Broaddus VC, Martin TR, editors. Murray and Nadel’s textbook of
respiratory medicine. Philadelphia, PA: Elsevier Saunders; 2010 [chapter 4].
[15] Gardner WN. The pathophysiology of hyperventilation disorders. Chest
1996;109:516–34.
[16] Saisch SG, Deale A, Gardner WN, Wessely S. Hyperventilation and chronic
fatigue syndrome. Q J Med 1994;87:63–7.
[17] Lindskog S. Structure and mechanism of carbonic anhydrase. Pharmacol Ther
1997;74(1):1–20.
[18] Huang CT, Chen ML, Huang LL, Mao IF. Uric acid and urea in human sweat. Chin
J Physiol 2002;45(3):109–15. 30.
[19] Yuan G, Drost NA, Mclvor RA. Respiratory rate and breathing pattern. MUMJ
Clin Rev 2013;10(1):23–5.
[20] Javaheri S, Kazemi H. Metabolic alkalosis and hypoventilation in humans. Am
Rev Respir Dis 1987;136. 1101-1016.
[21] Wald P, Namani T, Morigaki K, Hauser H. Formation and properties of fatty
acid vesicles (liposomes). In: Liposome technology, vol. 1. New York: Informa
Healthcare; 2006. p. 1–19.
[22] Morigaki K, Walde P. Fatty acid vesicles. Curr Opin Colloid Interface Sci
2007;12(2):75–80.
[23] Hentrich C, Szostak JW. Controlled growth of filamentous fatty acid vesicles
under flow. Langmuir 2014;30(49):14916–25. 16.
[24] Zhu TF, Budin I, Szostak JW. Preparation of fatty acid micelles. Methods
Enzymol 2013;533:283–8.
[25] Chen IA, Szostak JW. A kinetic study of the growth of fatty acid vesicles.
Biophys J 2004;87:988–98.
[26] Musacchio T, Torchilin VP. Advances in polymeric and lipid-core micelles as
drug delivery systems, Chapter 3. In: Polymeric biomaterials: medicinal and
pharmaceutical applications, vol. 2. Boca Raton: CRC Press; 2013. p. 70.
[27] Stephanie T. High-yield pharmacology. Lippincott Williams & Wilkins; 2009.
pp. 3,4.
[28] Markvoort AJ, Pfleger N, Staffhorst R, Hilbers PAJ, van Santen RA, Killian JA,
et al. Self-reproduction of fatty acid vesicles: a combined experimental and
simulation study. Biophys J 2010;99:1520–8;
Scandalios JC. Oxygen stress and superoxide dismutases. Plant Physiol
1993;101:7–12.
[29] Kohen R, Nyska A. Oxidation of biological systems: oxidative stress
phenomena, antioxidants, redox reactions, and methods for their
quantification. Toxicol Pathol 2002;30(6):620–50.
[30] Celotto AC, Capellini VK, Baldo CF, Dalio MB, Rodrigues AJ, Evora PRB. Effects of
acid–base imbalance on vascular reactivity. Braz J Med Biol Res
2008;41:439–45.
[31] Brandis K. Acid–base pHysiology, §5.4 Metabolic Acidosis – Metabolic Effects.
From <http://www.anaesthesiaMCQ.com>; 2016 [accessed on 29 March].
[32] Cevc G, Richardsen H. Lipid vesicles and membrane fusion. Adv Drug Deliv Rev
1993;38(3):207–32.
[33] Nilius B, Droogmans G. Ion channels and their functional role in vascular
endothelium. Physiol Rev 2001;81(4):1415–59.
[34] Brutsaert DL, Fransen P, Andries LJ, De Keulenaer GW, Sys SU. Cardiac
endothelium and myocardial function. Cardiovasc Res 1998;38:281–90.
[35] Bohr Effect and Haldane Effect, Medical Physiology, Medical Hub. <http://
emedicalhub.com/medical-physiology/>; 2016 [accessed on 29 March].
[36] McCord JM, Fridovich I. Superoxide dismutase: the first twenty years (1968–
1988). Free Radical Biol Med 1988;5(5–6):363–9.
[37] VanderLaan PA, Reardon CA, Getz GS. Site specificity of atherosclerosis: site-
selective responses to atherosclerotic modulators. Arterioscler Thromb Vasc
Biol 2004;24(1):12–22.
[38] Srinivasan A, Ramaswamy V, Kuruvilla S, Sehgal PK, Balakrishnan K. Calcified
atherosclerotic plaque – where exactly is the calcium and what does it
contain? Indian J Thorac Cardiovasc Surg 2012;28(1):6–14.[39] Brutsaert DL, Meulemans AL, Sipido KR, Sys SU. Effects of damaging the
endocardial surface on the mechanical performance of isolated cardiac muscle.
Circ Res 1988;62:358–66.
[40] Jennings RB. Historical perspective on the pathology of myocardial ischemia/
reperfusion injury. Circ Res 2013;113(4):428–38.
[41] Hattori R, Takatsu Y, Yui Y, Sakaguchi K, Susawa T, Murakami T, et al. Lactate
metabolism in acute myocardial infarction and its relation to regional
ventricular performance. J Am Coll Cardiol 1985;5(6):1283–91.
[42] Mayo clinic staff, Heart attack symptoms, <http://www.mayoclinic.org/
diseases-conditions/heart-attack/basics/symptoms/con-20019520>; 2016
[accessed on 29 March].
[43] Allen DG, Westerblad H, Lännergren J. The role of intracellular acidosis in
muscle fatigue. Adv Exp Med Biol 1995;384:57–68.
[44] Furie B, Furie BC. Mechanisms of thrombus formation. N Engl J Med 2008;359
(9):938–49.
[45] Wardlaw JM, Murray V, Berge E, del Zoppo, GJ. Thrombolysis for acute
ischaemic stroke. The Cochrane database of systematic reviews 7: CD000213;
Jul 29, 2014
[46] Philip AW, Robert DA, William BK. Atrial fibrillation as an independent risk
factor for stroke: the Framingham study. Stroke 1991;22(8):983–8.
[47] Jones C, Polliti V, Fitzmaurice D, Cowan C. The management of atrial
fibrillation: summary of updated NICE guidance. BMJ 2014;348:g3655.
[48] Poole JCF. The effect of certain fatty acids on the coagulation of plasma in vitro.
Brit J Exp Pathol 1955;36(3):248–53.
[49] Pilkington TRE. The effect of fatty acids and detergents on the calcium clotting
time of human plasma. Clin Sci 1957;16:269–74.
[50] O’Brien JR. The effect of some fatty acids and phospholipids on blood
coagulation. Brit J Exp Pathol 1957;38:529–38.
[51] Connor WE, Poole JCF. The effect of fatty acids on the formation of thrombi. Q J
Exp Physiol 1961;46:1–7.
[52] Connor WE. The acceleration of thrombus formation by certain fatty acids. J
Clin Invest 1962;41:1199–205.
[53] Botti RE, Ratnoff OD. The clot-promoting effect of soaps of long-chain
saturated fatty acids. J Clin Invest 1963;42:1569–77.
[54] Connor WE, Hoak JC, Warner ED. Massive thrombosis produced by fatty acid
infusion. J Clin Invest 1963;42(6):860–6.
[55] Spector AA, Hoak JC, Warner ED, Fry GL. Utilization of long chain fatty acids by
human platelets. J Clin Invest 1970;49:1489–96.
[56] Hoak JC, Spector AA, Fry GL, Warner ED. Effect of free fatty acids on ADP-
induced platelet aggregation. Nature 1970;228:1330–2.
[57] Lewy RI. Effect of elevated plasma free fatty acids on thromboxane release in
patients with coronary artery disease. Haemostasis 1980;9:134–40.
[58] Grimminger F, Mayer K, Krämer HJ, Stevens J, Walmrath D, Seeger W.
Differential vasoconstrictor potencies of free fatty acids in the lung
vasculature: 2-versus 3-series prostanoid generation. J Pharmacol Exp Ther
1993;267(1):259–65.
[59] Iwata NG, Pham M, Rizzo NO, Cheng AM, Maloney E, et al. Trans fatty acids
induce vascular inflammation and reduce vascular nitric oxide production in
endothelial cells. PLoS ONE 2011;6(12):e29600. http://dx.doi.org/10.1371/
journal.pone.0029600.
[60] Tholstrup T, Marckmann IP, Vessby B, Sandstrom B. Effect of fats high in
individual saturated fatty acids on plasma lipoprotein[a] levels in young
healthy men. J Lipid Res 1995;36:1447–52.
[61] Nilsson L, Gafvels M, Musakka L, et al. VLDL activation of plasminogen
activator inhibitor-1 (PAI-1) expression: involvement of the VLDL receptor. J
Lipid Res 1999;40:913–9.
[62] Banfi C, Risé P, Musssoni L, Galli C, Tremoli E. Linoleic acid enhances the
secretion of plasminogen activator inhibitor type 1 by HepG2 cells. J Lipid Res
1997;38:860–9.
[63] Mitropoulos KA, Miller GJ, Martin JC, Reeves BEA, Cooper J. Dietary fat induces
changes in factor VII coagulant activity through effects on plasma free stearic
acid concentration. Arterioscler Thromb 1994;14:214–22.
[64] Mitropoulos KA, Esnouf MP. The autoactivation of factor XII in the presence of
long-chain saturated fatty acids—a comparison with the potency of
sulphatides and dextran sulphate. Thromb Haemost 1991;66:446–52.
[65] Hill JM, Zalos G, Halcox JPJ, Schenke WH, Waclawiw MA, Quyyumi AA, et al.
Circulating endothelial progenitor cells, vascular function, and cardiovascular
risk. N Engl J Med 2003;348:593–600.
[66] Atherosclerosis (journal), <http://www.sciencedirect.com/science/journal/
00219150>.
